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FUSTON FUEL FURIFICATION DURING THE TRITIUM SYSTEMS
TEST ASSEMHBLY 3 -WEEK 1LOOP EXPERIMENT

R Scott
Tritran Svstoems

Willms

Fest Assembly

Los Alawos National laboratory
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INTRORJCTION

During the time period from 419 5/9/89, the
Tritium Systems Test Assembly (TSTA) at los Alamos
Natioral laboratorv (lANL) vconducted 1ts longest
vont inuous integrated loop operation to date. This
provided an opportunity to test some hitherto unproven
capablilities ot the TSTA Fuel Cleanup Svstem (FCU)
Previous FCU tests were reported in [1]. The purpose
nt the FCU {s to remove itmpuritles trom a sticam ot
hvdrogen isotopes (Q)) representative of torus exhaust
pas. During this run r1apuritiey loadings ranving tiom
f0 to 179 seem ot 408 Nooand 108 CH, were ted to the
Fau. Fach ot the two FCU main tlow molecular sieve
beds (MSB°s) were filivd to hreakthrovgh three times
The M5SB's were regenerated during leop vperations

PESCRIPTION 0¥ THE TSTA FCV
Punativatfiou

The FCU, shown schematically in Flgure 1, coplovs
7K MSB's (Llude “%A) to remove impurities tiom Q)
M5Bl and MSB2 are used to purity the main tlow path
(nominally %0/90 D/T), while MSBI and MSB4 purily the
neutral beam gas (nomiually 1008 Dy). During this run
{mpurities ware onlvy .added (o the main tlow path.
Betore the lmpurities break through or one bhed, {ts
exhaust s routed to the inlet ot the companion hed
(path not shown). In this way an MSB can be taken to
LOOy  loading, leaving an  i{nsigniticant amount of
co-adsorhed Q) when an MSPE (s regenerated.
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wadtle t(reatment svstem (TWT) Rather. as the hed i3
warmed and the lmpuilities desarb, they are mixed with
Os/He betore being admitted to catalytic reactor !
(UR2). Therein, tritium-containing Impurities are
converted to Q)0 and other oxides (in this case, C0»).
The (90 is captured as lce in the deuterium tritium
oxide treezer (DTOF), uand the remeining {spurities
containing negligible tritium are exhausted to the
TWT.

A mixture of 9% 0) and Y98 He is used to mix with

the {mpurities This supplies the oxygen recessary
tor combustion, but will aot tors an explosive
mixture. The amount ot Oa/He added {s controlled by
an oxygen moattor {n the CR? exhaust. Ganerally the
control svstem 1% wet to  maintain a4V Oy
voncentration at this point.

Periodically the DTOF must he regenerated. This

involves heating the DTOF and driving the water over a
hot metal bed (HMB) which contains uranium. Therein,
the watsr is 1educed to uranlum oxide (solid) and Q)
(pas) which {4 readmltted to the FCU wain tlow. Table
1 summarizex the properties ot each FCU component.

SUMMARY OF OPERATIONS

Narrative

On day 0 of the run (4/19/89), as seen on Flgure
2, loop tlow was started *hrough MS8l. The following
day Impurities addition was begun. late on day 2 [low
was routed from the -xhaust of M$Bl to the inlet of
M5B2 so  that MSBl could be taken to complate
breakthrough which occurred on day 3. Flow was then
touted through MSR? alone and {mpurities wers turned
utf while HMSBl was regenerated (on zome ot the
wibsequent regenarations fmpurities addition remained
on)
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Figure 2. Summary of FCU Operations

soon  thereatter o number of
encountered [t was discovered that the loop tlow was
inadvectent ly opened to the [SS surge tank. resulting
in a low loop tlow inventory. Atter this was
corvected, an 1SS plug, possibly caused by 0 ice,
vecurred loop tlow resuwed on day 8. At this point
4 water ice plug in MSBFl necessitated routing loop
tlow through MSB2 until MSBFl could be regenerated
Kesuming MSBL tlow rerulted in {ts breakthrough on day
4 hough these problems were somewhat disheartening,
the quick resolutton ot them, resulting in the
continuation ot operations, attest to the versatility
ot the TSTA piping lavout.

From this point on, operations hecame somewhat
routine MSB2 broke through on day ll, and {mpucities
were ott at the end ot this day to arrenge tor the
convenient timing of the MSBl breakthrough on day 13
he last loading ot MSB? was completed on day 15 atter
which {mpurities addi{tion was turnel otf,

Each MSB  bhreakthrough was followed by its
reyeneration. Thea DTOF was regenerated atter the
t{irst MSB repeneration, and rthen noi apain until the
laut day of the experiment.
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tigure 3 MSB Breakthrough at Two
Impurities Addition Rates
Flgure 3 shows two typical MSB hreakthrough

curves. The markers reprecent the Ny concentration at
4 point 3/4 down the length of the MSB. The mechane
{s not observed at hreakthrough because {t {s more
strongly adsorbed and is trapped at the bed inlet.
The lines represent the N7 concentrations in the teed
to the MSB based on the ratio ot N9 addition flowrate
to the total loop flowrate. In the case ot the solid
circles and dashed line. the lmpurities were uweing
added at 120 sccm during the breakthrough, while the
{mpurities tlcwrate for the squares and solld line was
60  scem. In both <cases the breakthrough HNj
concentration is higher than the Na feed
concentration. This phenomenon is called *roll-up® or
"roll-over® behavior [2]. [t {s caused by the C(H,
displacing previously adsorbed Ny from the front of
the hed. Thus, the mrasured N7 concentratiun (s the
sum of the Ny in the feed and the CH, dlsplaced Nj.
The r'ritiur fnventory on an 3 varies as ({1t
progresses from preloading to {mpu..ties loadling to
tegeneration. Bafore impurities are loaded on a bed,

{t is cooled to // K and praloaded with ;. This
requires 148 liters ot DT which reapresents /0 prams ot
tritium.  As impuritieq are loaded on the bed, the Q)
is displaced and retutned to the loop. When a bed fx
completely Thaded  with fmpurities the tritium
fuventory on the hed dependy on the amount of tritium
in the tmpurities, In this expeviment, {1 the o,

exchanpged to CHaDITy (a4 reasonable estimate of  what
actually occeurted), the tritium {nventory on & hed
wonld he 2 0 prams This inventory {4 teturned av Oy
to the loop when the DTOF {u 1epenerated Hefther the
aperation ot FCU nor the ather  TSTA
wywtems (most notably [55) wetrte adversely alfected by
these changee [ M5B {nventories

opetation of

M58 Regenerativn

Rogenerat bon of an M5B was accompl bhed by iyt
starting the 1)/He {low through CR? and the DIDK, and

out to the I'WT then a 1o SLEM He pratpe wan s tatted
ta wweep desorblog paves ont of the MYB to RS while
the MSH was heated he pas evolutfon frow the hed
ould he monftored asing pas chromatopraphy oo ta

campin the helfum parpge an tt exited the M98 The we
analyuon could ha pertformed at a maximun [requency of
e every four minatea

e teasultas of sch analyata are hown fo Hipure
tepreaent the Ol cvguares) and Ny
solld Tine 1o the
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temperature measured at the center of the bed. The
reason for the broad nature of these desorption curves
is related ro the MSB configuration. The beds are
constructed of two hemi-cylinders oriented with the
cylinder axis vertical (process flow {s down one
hemi-cvlinder. then up the other side, and out). This
assembly is submerged in a liquid nitrogen bath.
During regeneration the liquid nitrogen level drops as
it boils away. This creates significant temperature
gradients. Gas d2sorption begins at the top of the
bed and eventually works its way to the bottom. This
broad desorption pattern 1s advantageous since |t
prevents overloading of the Oj/He addition system.

The Oj/He addition ratn was automatically
adjusted to maintain a 2% Oy concemiration at the CR2
exhaust. The resulting 0Oj;/He tflowrate is shown in
Flgure 5. As expected the maximum flowrate coincided
with the maximum CH, concentration. Each mole of CH,
tequires 2 moles of O, while the only etfect of Ny on
the Op/He is that ot dilution.

Also monitored during regeneration was the
radiation ot the gas leaving FCU tor the TWT This is
shown in Flgure 6. The radiation values recorded
where only the background readings of the ion chamber.
Thus, no measurable tritium was lost in this step ot
an MSR 1egeneration.

Though anticipated as a possible problem, no
plugging (due to ice tormation in the inlet) of the
DTOF occurred

DTQF Regeneration

The last step in the FCU operations {is the
regeneration of the DTOF. The system {s designed for
DTO steam to pass over hot uranium where {t s
converted to uranium oxide and Q) gas. However, when
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Figure 6. MSB Regeneration: Gas Evolution
and Radiation

this step was attemnted, the MSBF's plugged with ice
in thelr inlet tubing (heater tape should solve this
plugging problem in the future). The fact that so
much water passed unconverted through the HMB
indicates that conversion was quite poor. The bed was
well activated and had plenty of capa:ity, 608, betore
being used. However, after compietion of this run the
HMB capacity was measured and found to be reduced to
5%, much more *han could be accounted for by tha 8.¢
moles ot water produced during the experiment. Though
it s unclear what caused this loss of capacity, (t ‘s
feared that the formation ot oxides on outer surfaces
is preventing access to active waterial beneath the
surface.

CONCLUSIONS

The two principle findings of thils experiment
were !

o The use of cryogenic molecular sieve is a very
robust method for -emoving i{opurities from
tusfon fuels. While loop flowrates, presasures
and tmpurities concentrations varied, tha
MSB' g cont inued unatfected, completaly
removing lmpurities. No ISS plugging occurred
durtng this run due to {mpurities passing
through the MSB's.

o The tirst step in the MSB repeneraticn process
also  proved  to he  very  etfective. An
amitomatic avatem, requiring minimal operator
actlon, added the appropitate amount of Ox/He
for complete Impurities oxtdation. No
measurable tritfum was loxt to the TWE

The  principle  problem  uncoveresd  during  this
expetiment was the poor conversfon of water to U0y and
0y Work Ix continuing to determine why this process
did not work an desipgned.
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